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By E. W i l l i a m  Go& aad Adam E. Sobolewski 

An investig&tion wae cotducted in the XACA L4~uie altitude 
w i n d  tunnel to determine the effect  of nonunifarm inlet-air velo- 
cities on the performance of a fnll-scale axial-flow turbojet 
engine. Total-pressure variatione as large &a 103 pounds per 
square foot in the radial direction a d  90 go- per square foot 
in the ciroumferential  direction at  30,000-foot  altitude w e r e  
obtained by the use of obatructfone in the enghe-inlet ducting. 
Data were obtained at erltitudee fra 20,000 t o  50,000 f e e t  at a 

apeede t r am 77.3 percent of rated speed t o  rated engine speed. 
m flight &oh number of apgroximately 0.21 and corrected engine 

I For some of the oonffgurations anl operating  conditions lnvea- 
tigated, the effect  of dietart ione of the inlet-velocity  pattern on 
the 5nterna.l aeroaynamioa of the engine resulted in slight improve- 
mente in performance; at  other  operating conditions the performmce 
w a s  slightly impaired, These effeots are dlatinct from the perform- 
ance losees associated with loesee in ram-preprsure recovery. With 
the inlet-velocity  diatortiona inveetiga;t;ed., the net thruet varied 
between 0.95 a d  1.03 of the net t-t w i t h  .the uniform inlet con- 
i iguration at the same o p e r a t a  condltfons. 8.imilsrly, the r a t i o  
of epec i f ic - fue1-cone~t ion  values varied frat 1.00 t o  1.04. In 
general, ccmpresaor efficiencies were ~lightw reduced by the non- 

, untform inlet-velocity distributions. It may therefore be ponoluded 
that perfornaanoe ohangee due to the effects of nonuniform inlet vel- 
oozty on the internal aerodynazaios of the engine investigated. do not 
appear t o  be eerione far the range of distmtione inveatigated. 

Throughout the investigation,  engine-vibration mes~ur~ments 
were carefu l ly  observed. Vibratfon readings were alwaya w e l l  below 

r the liarits specified by the mnufacturer. 
. 



Flight inetallatione of turbojet  engines v a r ~  greatly i n  the 
marmer i n  which sir is supplied to the er@ne. If' an engine i8 
submerged In the- f'uselage or the w i n g ,  the amlane deeigner ueualJy 
must comprcanise the ducting  deaign t o  avoid interference with the 
p i lo t ' s  compartment, s t ruo tura l   ~~mber8 ,  or suxilisry e q u i p n t .  
The degree of.ccmrprcanlee in the internal aeroQmm3os of the air- 
plane  ( i n l e t  ducting and exhauat pipe) as comp&red w i t h  the erte2aeil. 
aerodynanice or the looation of auxfl iary qniparent ehould be baed 
on a knowledge of the re la t ive  maorifices incurred in  perfcmuame 
and servic&bility. Perfarmance changes incurred by ccenpramising 
the inlet-duct d e s a  may be attributed t o  loseee i n  rerm-preesnre 
recovery and to   the  efferote of nonnniform air velocity at +he aam- 
pressor inlet The magnitude of p e r f m c e  losses result- fram 
poor ram-preeeure reoovery ie given in reference 1. Data are pre- 
sented herein t o  show the effeat of nonuniform engine-Met air 
ve1ooit;y OR the over-all engine and component performume. 

Data were obtained on a full-scale srial-flow turbojet engine 
for a rmge of flight oonditionrj and cxxreoted engine spsede f'ram 
77.3 percent of rated engine speed t o  rated emine speed. Sir con- 
figurations formed by ohanging the inleGduct geometry and instal- 
ling obstrnctions in  the  inlet  duct were used t o  obta in  velocity 
gradients  in both the radial  and circumferenl&d direotions. Radial 
total-pressure variatione up t o  103 pounds per square foot and a ir -  
cumferentlal  variations up t o  90 pouds per square foot at an alti- 
tude of 30,000 f ee t  were obtained. The M e t - m l o o i t y   d i e t r l b ~ i o n  
is ehown for eaoh oonf'iguration; the tendenoy of the distortions t o  
persist through the engine and the effect8 on perfai3EulOe m e  
d i 8 C t m € t € d .  

Two engines of similar typg were w e d  for t h i e  investigation. 
Principal oomponents of the engines were an axial-flaw multistage 
compressor, direct-flow combustors, and. a single-stage turbine. The 
f i r a t   r o t o r  etage of the capresear had a hub-to-tip diameter r a t i o  
of 0.65. A t  eero-ram, aea-level oonditione and rated engine epeed., 
the oampressor &ah number was 0.894. A variable-area exhawt nozzle 

at  eaoh engine a p e d  md'flight conditions. 
. was uaed to  obtain a  range of engine (and compreesor) pressure ratioa 
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The engine w a s  mounted on a w i n g  fn the test seotion of the 
a l t i tude  w i n d  tunnel, !Be siz inlet conflgurationa used i n  the 
investigation are ahown in figure 1. Configuratfone A, B, and C 
(fig.  I(a)) were need w l t h  the f i r a t  engine, and D, X, and F 

cmd. enginea were of similar des- except that the acoesmry 
housing in the. engine--inlet duct YBEI laager f o r  the second ' 

englne and the standard engine-inlet 6creen was not inst&lLed. 

(fig. l ( b ) )  w e e  W i t h  the second engine. The f i re% && 880- 

A bellmouth entranoe section &e& with configuration A 
(f Q. 2 ( E )  ) waa inetalled to obtain the engine performance w i t h  
a uniform radial and circamferential  velocity profile a t  the engine 
in le t ,  thereby providing a hasie for conrpasieon of the performaMe 
with configmatione B and C. Comfiguratfon B oonformed to the 
usual %et in8tallatfon Fn the al t i tude w i n d  tunnel w i t h  the engine 
alr supplied t o   t h e  engine by means of t he  make-up air ram pipe. 
Configura%ion B was modffied t o  form configuration C by the Instal- 
l a t i on  of a serlee of I-inoh epoilere In the ram pipe (fig. 2 (b) ) .  
These spoilers were designed to increase the displacement thiclmess 
of the bonndary layer on the outei&e w a l l .  

Data were necseaary for configuration D, which was sFmil&r to 
A, to Beme as a stardard of oapazison  for  mnfigurationa Z and B, 
Inaemuch a6 the lack of engins-to-engine reproduoibility w o u l d  not 
permit a oampsriaan of the perforn!anoe of configurertione E and F 
w i t h  that of A, whioh w a s  investigated with the f i r e t  engine, 'Po , 
form  configuration E, 815 annular fine-meeh Bareen 4 inches high wae 
installed m o d  t he  winner 8 inuhes ahead of the  inatrumentation 
at s t a t i o n 1  and 44 inches ahgad of the oaqreesor-inlet guide vanee. 
This  eoreen was deslgned to reduce the air velooity near the e p h e r .  
The annular 8creen YELEI removed and tu0 Boreens in the form of 600 
eegments were %natalled  aaroea the amn~w st the aame axial locab 
tiaa to fona oonfignration F. Them obstructfons uere formed by 
layers of sereen 80 armngeU that the solidity ras greateet mer the 
oenter So of each segment, The resulting uneven oircnmferential 
velwity a is t r ibu t ion  wa8 intended to simulate the dist r lbut ion that 
Wght ocour in flight htal lat iona that imorporate twin-fnlet ducts. 
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of the instnunentation at the engine inlet and oompreeeor inlet 
and outlet are given in f-e 4. Only the instrumentation per- 
t i nen t   t o  this investigation is given i n  detai l .  For all oonfQ- 
urations except E, air flow was calculated fram preaeure and tem-  
perature meaeuremente at  the engine inlet (s ta t ion 1). mine air 
flats for configuration E were determined by the engine perfomname 
oharacteri8tioe saoordlng t o  the mthd described in the s p p e d i x .  

Elperry-M.I.T. vibration pick-ups were mounted in both vertioal 
and horizontal planes at the oompreesar outlet  and turbine flangee. 
A f i l ter  w a s  used in the vlbration meter  t o  prevent a responere at 
vibrational frequenoiee belaw 60 cyalee per second. 

Simulated, Flight Conditione 

A t  each of the conditions listed In the Sollaring table, o m -  
plete engine p e r f o m e  data were obtained at several engine pres- 
8ure r a t io s  by vaxying the exhauet-noezXe area: 

Altitude 
(ft) 

20,000 

25,000 
25,000 
25,000 

30,000 
30,000 
30,000 
30,000 

35,000 
35,000 

45,000 

35,000 

45,000 
45,000 

50,000 
50,000 
50,000 

Corrected engins 
speed (peroent 
of rated Sped) 

77.3 

, 100 
91.3 
78.5 

93.7 
09.9 
85.1 
77.3 

100 
91.3 
78.5 

100 
91.3 
78.5 

100 
91.3 
78.5 

config- 
uration 

z 
. " 

. 
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Data  were obtained at only tu0 flight oonditiona  with configuration E 
dub t o  a temporary lbui ta t ion of tunnel f a c i l i t i e s .  

A l l  data w e r e  taken at  a nominal ram-peasure r a t i o  of 1.03, 
nhich would oorreepord to a flight Maoh rruniber of 0.21 if no M e t  
ducting lossea ocourred. The ram-preaeure r a t i o  that was used fn 
obtaining the experimental data was s e t  by meam of a single t o t a l -  
pressure probe at ats t ion 1 and a static-pressure probe in the tun- 
nel t e s t  seotion. The actual ram-preeeure r a t i o  for a l l  uonfigma- 
t ions,  as determined f r o m  the average of all the total-pressure 
t u b e  a t  station 1, varied. from 1.015 t o  1.032; the e f fec t  of this 
variation on the engine pump- charaoterietics, houever, is negli- 
gible. It is noted that inamuch ae velocity  distartiona  represent 
energy 108888, a much higher flight hkch number is required t o  pro- 
duce a given average total peasure at the engine inlet when the 
duct- ie such that the engine-inlet velooitg ie  severely  dfstorted. 

Experimental Procedure 

For configurations B and C y  dry refrigerated air W&B supplied 
to the engine i n l e t  through a duct frcm the tunnel make-up a t r  
system. The alr f l o w  through  the duat (ram pipe) w e e  throttled f r o m  
approximately eea-level pressure t o  a total preeaure at the engine 
inlet oorresponding t o  the b q 3 r e d  flight uonditions.  Preesures 
correapoding t o  the desired flight oonditions were also obtained at  
the engine inlet with the other four aonf5guration.a; however, the 
a l r  vas taken directly from the tunnsl through a bellmouth e n t k c e .  

When the ‘desired. engine speea, &ti-tude, and approximate ram- 
pressure ratio w e r e  obtained., antamatlo-recording, aelf-babaming 
@otentiometers (flight  recorders) were started. A complete ogale 
of the temperatures required took appraxrZnately 1 mbute. Dnring 
the flight maorder cycle, i n e t a n W o u e  madings of pressures and 
of engine i n s t m b d e  were obtafned by photographing banks of mtm- 
canetere and the engine inetnrment panel. A% the m a m e  tlms, the 
engine fuel flow uaa obtebfned f”rcan calibrated rotanetera. 

For given values of ambient pres8ur8, engine-inlet pressure, 
temperature ratio, and engine a i r  flow, the oantplete performance 
of a turbojet engine can be determined *om pmaping-ohgraoteriatic 
curves as explain& i n  r e f e r e m  2. A ptanphg-aharacterietio ourve 
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a t  30,000 feet for conf'fguration D ie shown in figure 5. Similar 
ourves for the other  configurations  were determined bat  are  not 
presented in this  report. "he coniparative prformanoe of the var- 
ious  configurations w m  btermtneci from these c m e ~  at c m o n  
Talues of engine  total-temperature ratio a d  engine-inlet  total 
pressure (averap value downstream of obatructione, station 1). 

The engfne temperature ratios selected a r e  a8 folloue: 

Corrected engine 
tempemture epeed (percent 

'Engine 

of rated sped) ' ratio 
W 1  

100.0 

2.60 77.3 
2.78 78.5 
2.80 85.1 
2 -80 89.9 
3.15 91.3 
2.80 93.7 
3 -38 

With the exueption of the value for the lowest engine apeed, the 
temperature ratios selected fall  within the baml. of valuee obtained 
during previoue performance lnveetigatione of the game type engine 
with fixed-area exhaust nozelee. The temperature ratio ueed for 
the lowest engine apeed wae slightly high bemuse the data were 
Fneufpicient to permit a comparison at  temperature  ratios uor- 
reaponding to fixed-area-nozzle operation. Symbole and methods of 
calculation are given in the appendh. 

RZSULTS AHD D W I O N  

The psttern and  the  magnitude of the inlet flow dietortione 
investigated are glven by  typiual  plots of a  velooit;y-distribution 
parsmster, which is defbed 88 the ratio of the local  velocity he& 
to the average velocity head for t h e  entire flow area .q i/hv. The 
tendency of the flow Irregularities to persist  or to disappear i n  
paseing through the engine l e  disouseed, and t h e  effecte of the 
dietortions on the oomponent and over-all engfne performance are  
given. 
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Inlet-velmity bistribution. - The data of figure 6 are tsp- 
foal of the data for all configurations in that ohangee of engine 
speed or altitude had no appreciable effect on the velocity die- 
tribution pattern at the  engine inlet. The vazious inlet patterns 

m obtained axe therefore aharsoteristio only of the geometry of the 
CD inlet ducting. The radial velocity  diatributione characteristics of 

configurations A to E are shmn in figure 7. The radial patterns 
far different oiroumferential positions for configuration F were 
similar to that of D but of different magnitudes. Eaoh data point 
ehmn in fignre 7 representa the average value at a gfven radial 
poaition as obtained f'rom total-pressure tube8 at efther three or 
four oircmfbrential positions (fig, 4). A study of the data 
revealed that the average static weesure m e a s u r e d  st t h e  engine 
inlet (wed In oatputhg qz and sav) was auifioiently relisble 
for all configurations except  configuration E where the acreen waa 
installed around the spinner. With configuration E, the severity of 
t h e  distortion and tihe proximity of the  obstruction to the inetru- 
mentation apparentlg resulted in radial static-preeeure gradient6 
too Bevere to be megaured at  atation 1, with the result  that the 
q-titative values of t h e  curve may be eontmhat in error,  The 
general ahape of the curvej however, is believed to be correct- 

c The installation of the beUmouth entrmoe section with no 
. obstructione  (configurations A and D, fig. 7 )  ,was intended to pro- 

dnce the &form inlet  velooity nwm~l ly  assumed in design calcu- - lations snd was wed as 8 bash of corpsison far the other con- 
figuratione. Over the exkmt oovereQ by the inet2.lanentation the 
velocity parameter varied only 0.09 for oonffgarstionA and 0.35 
for configuration D. 

Boundary-layer build.up in the long ram pipe prcduced the ' 

rduced velocity  near t& outer wan characlteristic ~f COISQU- 
ration B. Thie configuration is significant inaemwh a0 it is 
representative of the inlet-air duct geameby me& for nroet 
investigationer in the Lewis altitude w i d  tunnel. For confign- 
ration C, the  velooity distribution varied by 0.59 
across the snml.us, and the slope of the velmity parazmter o m e  
was considerably greater than for the other conflgurationh. The 
oarresponding velocfty a t  the outefde of the amnlua was reduaed 
to approrat8ly 0.71 of the velooity at the spinasr. 

Iimsmuch ae the  distortions obtained w i t h  the f iret  engine 
were such that the veloaitiee were highest near the firet-stage 
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blade roots,  data ware Beeired during t h e  seaorad phase of the Fwee- 
tigation with the high velooitiee near the  blade t ip s .  In order ta 
p d u c e  such a diatribution, an &Mu1Br soreen 4 iaohes high waa 
installed on the engine spinner to form conflgumtion X. The reeult- 
ing cum8 for configuration E (fig.  7 )  indicates that very low 
velooities existed max the first-stage blade routs. Owing t o  the 
uncextainty of the sliatic preesureB, the magnitude of the distor- 
t ion  obtained ie expressed i n  terms of the t o h l  presaurea, which 
varied by 103 pounds per equare foot  auross tihe e; IMul tz~ a d  c012"ee- 
pond t o  a variation of 14.2 percent of the average total pressure 
available a t  an altitude of 30,000 feet. A dashed line was used 
t o  denote the distribution near the outer w a l l  because the three 
values used in obtaining the average at 96 percent of the amulua 
width scattered. considerably. 

For the three configurations upled. with the first engine, t h e  
velocity-distribution parameter dawnatream of the engine-inlet 8creen 
is preeented in figare 8. Value6 of the velooity-dietribution para- 
meter were reduued coneiderably (fig. 8(a)) at 24 am3 92 peroent of 
the amulus width. !5e total-pressure tabee  located at these radii 
were apparently in  the w a k e  of the ciroalar elmente of the engine 
screen. The veloclty-dietrfbution parameter, ae meaeured by all 
tubee, is given in f-e 8(a), -.in figure 8(b) without the v&lues 
at.24 and '92 peroent of the a ~ t z l u s  width. The effect  of the engine- 
inlet screen on the velocity  dietribation is Fndiaated by a compari- 
son of the data obtained upstream (fig. 7 )  ard downetream (fig. 8 ( b ) )  
which shows that the engine-inlet ecreen-tends t o  reduce the dietor- 
tione slightly. 

me.radial velocity  distribution at the compreesor outlet  for 
the varioue configurations is given in figure 9(a) for the f i r e t  
engine and in figure 9(b) for the lsecord engine. !Che inlet d l s t m -  
t ions produced by the ram pipe with QT without spo'ilere did not 
persist through the oclmpreesor (fig. 9(a)). Data obtained with the 
second englne (fig. 9(b) ) ahow thebe even the 8evere radial d l e t o r -  
t i on  obtained w i t h  the inner ring (oonf'igurstion X) did not perslst 
through t he  compreesor. For both enginee, t h e  random variatione Fn 
distribution obtained, w i t h  the veerious inlet configurations were 
much maller than the variatione produced  by the cosrpreesor. 

Cirozoaferential  variatione in  the, velooity diatrfbution at  the 
englne inlet a t  apprarimately 45 percent of the annulus width as 
measured from the root of anmlu~ &re ahown in figure 10. The dis- 
tribution  obtained for oonfiguration A w 8 8  very uniform and the 
slight variations obtained w i t h  configaratfona B and D are oonsidered 
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IneignWioant in view of the much larger  variatione in the radial 

shown insmuch 8s they  were airnilear to thoee for B and D, reepec- 
L direction. The distriblxtione for oonfignratione C and E are not 

CN tively. Two very marked regions of low velacity were obtained by 
(0 installing the two screen aegmnts in the  bellmouth  (conf"t1on F) . P 

Q) 

The variation in velooity-diatribution  parameter of 0.78 for con- 
figuration F ( f i g .  10) corresponds to a  total-pressure  variation of 
90 pounds per square foot. The instrumentation at the ccaapressor 
antlet was not sufficiently  extensive to determhe  accurateu the 
ciroumferential peeenre distribution, but 821 indication of the 
telldency of these  circumferential  distortlone to persiat or dls- 
appear in paseing through the ccanpreesor YBB obtained by a atudy 
of the cmbuetor temperature  balance. Thie balance was indicated 
by thermocouples  located on the center line of eaoh  cauibuetor  just 
downstream A.m the turbine. A c-iaan of the burner balasoe 
obtained  at the 8ame operating  conditions wfth and without  the screen 
segments  installed  indicpttm  that the dietortiom ten3 to diaappeerr 
in paseing  through  the ca3r08sm. * 

cu 

9 

Canpressor characteristics. - Inasmuch aa the  diaturbancea in 
the  engine-inlet air-flaw pattern are not- tranemitted  beyond the 
compressor in a consistent-manner and the result- variations that 
do occur at the- compeasor outlet are ~ r m e r l l  campared with the change 
produced by the compreaaor, the -primary effects on mer-a31 engine 
performanoe axe attributable to cha,ngee in cnmpresear performance. 
Cmpressor-characteristic! curves obtained a t  an altitude of 25,000feet 
w i t h  the bellmouth and ram pipe ( w i t h  and without spoilers) attached 
to the first engine are given in f m e  1l. S5miI .e~ c m e s  for con- 
figurations used with the eecond engine at an altitude of 30,000 feet 
are given.in  figure 12. The air flows a r e  presented as ratios, baaed 
on the alr flaw obtalned at  rated engine speed with a unifm W e t -  
sir-flaw pattern. 

AB shown by the data of figure ll and sirnllax data for other 
altitudes, the air flaw was not appreoiably affected by dietortione 
of the  severity obtained with aonfigurationa B and C. The anly 
eFPect appears at 78.5 percent of rated speed, where for a given 
pressure  ratio the air flaw was slightly  higher w i t h  the uniform 
engine-inlet  velooity  distribution  over  most of the range of 
campressor-pressure  ratioa  investigated. 
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of static-pressure measurement at s t a t i o n l ,  air-flow values fcr 
uonf'iguratfon F were checked and fomd t o  be correct by comparing 
the combwtion efficlenciee with thoee obtained with configura- 
t ion  D. This Comparison conertitutes a reliable check on air-flow 
values inasmuch as 811 other  quan%itiea enter iq  the combustion- 
efficiency equation were subetantiated by interplotting. It would 
be expected tbt, f o r  8 common t o t a l  pressure upstream of the 
obetructions, equal or lower air flows would be obtained for oper- 
ation  with the obetructione installed. A i r - f l a w  values were there- 
fore calculated by use of the f aa tom 6 and 8 f o r  the same t o t a i  
pressure upetream of the obstructions; the resulting air flow8 were 
s l igh t ly  lower with the obstructions inetalled. 

The increased flaw w i t h  the obetruotione, baaed on a c m o n  
average value of t o t a l  preesure dowwtream of the obstructions, may 
be corroborated t o  some extent by the observation, based on d a t a  
from a previous investigation, that the air flaw increasee at a 
slightly faster rate YLan the t o t a l  pressure at  s ta t ion  1. Accord- 
ingly, the higher. t o t a l  preesure i n  the unobstructed areas of the 
compressor faoe w o u l d  produce slightly more than a proportionate 
increase in flaw whereas the comarse is t rue of the regions behind 
the obstructiona, w i t h  the net result a al ight  increase in air flaw. 
This effect, ooupled wfth the experimental error of the measurements, 
probably accounts for the variations in ms8 flaw shown. 

Compessor efficiencies, based on measuremente at statione 1 
anb 3, axe presented in figures l3 and 14 far the f i r ~ t  and Becord 
engines, reepectively. ITor oonfigurationa A, 3, and C, elightly 
higher ompreseor efficlenciee were obtalned for most operating 
conditions with the uniform inlet-velocity distribution; the total 
variation, however, ws8 8pproximatel.y the same magnitude a8 the 
probable error of the measurements. S L l g h t l y  higher eff lciencies 
were similarly obtained  with the uniform velocity  distribution a t  
the inlet of the second engine. The mayhum decreaee Fn campresear 
efficiency of 0.024 resulted fromthe dbtortion Imposed. by config- 
uration B at  an altitude of 50,000 f ee t  and 0.913 rated engine speed. 
The lower level of compressor efficienoies obtained w i t h  the first 
engine ie attributed largely to the preesure drop acroes the atandaxd 
engine screen, which decreaeee the compreseor-preeeue ra t io .  

Over-all engine performance. - Iprom the pumping-characteristic 
curvea, the net thrust and specific fnel consumption of the engine 
operating mder the various coEd.itione impoeed by the inlet config- 
urations were calculated for e oommop average total preseure down- 
stream of the obetructfons a t  atation 1. 3?he engine performance 
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vaxiations  reflect only the  effect8 of the didortione on t he  

of losses in ranmpresawe associated with the varioua  distortione, 
.. internal  aerodynamics of the engine U do not consider the  effecte 

P w 
ro 

By an amlyais of the B r a g t o n  cycle upon which the engine 

w i l l  result in a decrease in t h e  engine-preseuke ratio for a given 
engine-tenpratm-8 ratio. Became the thrnat values presented 
based on fixed values of engine-tamperatwe ratio, a reUuotion in 
ccanpressor efficiency  is  reflected in reduoed  thruet as a reeult of 
lower engine-premmm ratio (equations (3) ani (4) of appendix) , 

cn operates, it can be shown that a decrease fn coarpreseor efficiemy 

!Thrust d u e 8  shown in figures 15 and 17 are presented. 88 
ratios; t h e  thrusts obtalned w i t h  the distorted air-flow pattern 
are divided by the thrust obtsined at the 8ame operatfng conditfons 
with a uniform dietribution, At rated engine speed the thruste 
obtained with the  bellmouth and with the ram pipe, w i t h  Bpoilers, 
vat& lese than 2.0 percent,  irrespective of altitude (fig. 15). 
The maximum variation with thruet was a decrease of 5.0 perroent 
w i t h  configuration C at 31.3 percent of rated epeed and an alti- 
tude of 50,000 feet. Them thrtmt  values folluw the trend of corn- 
plressor efficienciee &awn i n  figure 13. Thrust values are believed 
to be accurate to apprcuimtsly &1 percent at rated engine aped far 
the  lower  altitndes and *2 or 3 percent  at the lmer engine epeeda 
aml higher  altitudee, At the lawest e n g b  a p e d  ernd a n  altitude of 
50,000.feetY the pumping-ohmacterletic curves aould not be faired 
with enough certainty, awing to data ecatter, to permit cmparison. .. 

Het-thrust specffic f u e l  consumptions ( f i g .  16) are ala0 pre- 
sented as ratios, based on t he  engine perforname with a uniform 
inlet air-flow distribution. Them our~ea refleot not only the var- 
fatiom in net thrust shown in figure 15, but also any minor changes 
fn  ccanbustion  effioiency that  result f r o m  t h e  M e t  air-flaw die- 
tortiona. The maximum variation in specifio fuel conamption was 
4.0 percent at 91.3 percezrt of rated engins speed ant an altitude of 
50,000 feet. At rated. engine sped  the mximm vetriatfon fn speaific 
fuel consumption w a s  2.5 percent and oacurrad st an altitude of 
35,000 feet. 

The effects of the large radial distortinn obtained with the 
inner  ring obstruotion (configuration E) and the circumferential 
distortione obiained w i t h  the screen segments (confignration 3’) 
on the thrust and. epecifio fuel consumption of the second engFne 
tire ehuwn in figure 17. The thrust for configuration 3’ was 1 to 3 
percent  higher than for the anifcam inlet distribution,at the highor - 
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engfne spe& and waa slightly lower than for uniform dietr ibut ion 
a t  the  laaeet engine speed. For oonf'iguration E, the thru8t wae 
2 percent higher than far oonfiguration D. The thrust curve8 of 
figure 17(a) ref leot  the ohangee in oompreseor efficiency and air 
flaw. 

The deoreaae in  acanpreseor efficienoy oougled with slight 
changes In combustion effiuiency for configuration F reeulted in 
increases of from 1 t o  3 percent in the net-thrust apeoific fuel 
ooaeumption (fig. 17(b)) 88 oannpared w i t h  the values obtained w i t h  
the uniform inlet-velocfty  distribution. 

Throughout tlhg inveetigstion,  vibration readinge obtained i n  
both v e r t i m l  and horizontal plane8 at the oampreeeor-outlet flange 
and the turbine flange were carefully observed. Ho noticeable 
increase in vibration  occurred w i t h  any of the configuratione, and 
a l l  values were well w i t h b  the limits epeoified by the manufacturer. 

An investigation w a 8  oonducted over 8 w i d e  range of altitudee 
at a fixed flight &oh number in the NACA Lenie a l t i tude  w i n d  
tunnel t o  determine the ef'feot of inlet-air dietortion on the per- 
farrmanoe of a full-ecale axial-flow  turbojet engine. 

For this investigation, radial total-preeeure variationa of 
103 pouda per square fmt  and circumferential variation8 of 90 pound.8 
per square foot at an altitude of 30,000 feet and a namiml flight 
Maoh number of 0.21 uere obtained. 

For some of the oonfigurationa and operating oonditions invee- 
tigsted, the effeot of distortions of the inlet-velocity  pattern 
on the internal aerodynamics of the engine reeulted In slight improve- 
mente in  performame; at other operating  conditione the perfomance 
was a l ight ly  immired. llhese effect8 are  diet inot  from the perfor- 
mance losse6 associated with loeeee Fn ram-pressure recovery. Ih 
general, compresear effioiencies were reduced slightly by the non- 
uniform inlet-velooity distrlbutiom. For the extreme d ie ta r t iom 
of the inlet-velocity  pattern, the air flaw8 were slightly higher . 
than for the uniform inlst configuration. W i t h  the inlet-velocity 
distartfone  inveetigated, the net thrust varied between 0.95 ard 
1.03 of the net tbrut w i t h  the uniform inlet canfiguration at  the 
eame operating  oonditione. Similarly, the r a t i o  of epecifio fuel 
oonslrmption values varied i r a n  1.00 to 1.04. It may therefore be 
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The follaoring epibols are need herein: 

oroee-sectional area, sq Ft 

net t-t, lb 

scoeleration due to gravity, 32.2 ft/sea 

total pressure, l b / q  ft absolute 

e ta t io  pressure, Ib/sq ft absolute 

velocity head, lb/sq f’t 

C O n B h n t ,  53.3 FI;-lb/(lb)(OR) 

total temperature, OR 

indioated temperature, O R  

r a t i o  of speolffo heats 

ra t io  of abeolute t o t a l  pressure at engine inlet to 
absolute etstio preaeure of NACA standard atmosphere 
at aea level 

ratio of abeolute t o m  tsmperature at engine inlet to 
absolute etst ic  temperature of NACA standard atmosphere 
at sea level 

Q, ro 
n 
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Slxbscripts: 

0 free air 

t; 1 engine inlet 
ro 
01 - 

2 oompreesor W e t  be- soreen 

3. compressor outlet 

4 turbine out le t  

5 exhauet-nozzle inlet 

av average 

Methods of Calculation 

I 
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A6 previoaely mentianed,  the air-flow vetlues obtained from 
measurament~ at etation 1 were unreliable for oonfiguratfon E due 
apparently to a nommifm static-pressure  dietribution. Inaemuoh 
as distortion6  at the englne inlet’ do not appear to persist beyond 
the co~pre6sar, the conibuetion efficiency ehould be approximately 
the 881118 for all  configurations at a given engins speed and pres- 
a w e  level.- Also regardlese of ohangee in the component efficienoy, 
the enthalpy rise of the air through the ompressor must equal the 
entbalpy drop tbrough the turbine far any eteady-ata-t;e operating 
ooadition. AB a result, a plot of engine total-temperature  rise 
&a a f’unotfon of engine fuel-air ratlo  should be about the ~ a m e  for 
oonfigurations D and X. Suoh a plot was made with the data for 
configuration D for which the alr-flow measurements at , e t a t l a a  1 
were  eatisfactory,  Using thi8 plot la conJunction with the mSasWed 
values of temperature rise (Ts-Tl) and Rrel flow far oonfigurstion E, 
the a2r flow for oonfiguration E wae obtained. 

where the  momentum of t h e  fuel ie  ignored., 

J 

and 

- 
. .  1 

I r 

+ 
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Canpressor efficienoy. - lphg equation for adiabatiu canpresaor 
effiuiency is 

Cmpresaar effioienoiee at the. eame flight oonditiona and cas- 
preasor Mach number were plotted a8 a fmmtfon of ~ ~ 8 ~ 8 0 ~  
presaure ratio; for t h e  firat engine there wat3 no definite trend 
in the small range of preaeare rat ios  inveertigated, but ?or the 
second engine there wae a definite trend. Therefore, for the 
f i r e t  engine the effioienoy values presented repreeent the average 
of the data points at v8rfoue caupre8aor preseurfa ratio8 obtained 
by changing the exhanst-nozzle area. Effioienoiee for the e e c d  
engine were taken at aampremsor-preasure ratios correepo&3ng to 
the value of engine-tempereLtnre ratio for a rated-area erhauet 
nozzle. All individual eff ioienaiee averaged were within 21-25 - . percent of the meap mlue- Congreseor efficimciee were checked 
by 8 cnlculatian that included the effects of the radial  mass-flow 

~ distribution (and radial temperature gradients); the umxiumn 
* correction for these effecte, homer, URB ~ n l y  0.7 percent. 
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( a )  Firs t  engine. "%37 

Figure 1. - Engine-inlet  configurations. 
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(b) Second engine. 

Figure 1. - Concluded. Englne-inlet configurations. 
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Figure 3. - Location of instrumentation surveys. 
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Figure 4.  - Instrumentation  viewed from upatream. 
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(b) Second engine. 

Figure 4.  - Concluded. I n a t m e s t a t i o n  viewed from upstream. 
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.7 .9 1.1 1.3 1.5 1.7 1.9 
Correoted fue l   f l ow,  W,/S*, lb/sec 

Figure 5.  - Variation of englne total-temperature ratio and engine 
total-pressure ratio with corrected .fuel flow. Configurat ion D; 
altitude, 30,000 feet. 
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( a )  Effect of a l t  ltude. 91.3 percent of' rated  engine speed. 
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Figure 7 ,  - Radial velocity distributions a t  engine i n l e t  for conf'fgu- 
rations A, B, C,  D, and E. 
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(a) A l l  pressure tubes inoluded, 

+ 



32 NACA RM E50G I f 
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" 

Conf'iguratfon 

. 0 A Bell mouth No obstruction 
B Ram pipe  HO spoilers 

0 C Ram pipe  Spoi lera  installed 

Roo 
Percent of annulus width 

(a) First engine.  91.3 peroent of rated engine speed. 

Figure 9, - Velooity d i s t r i b u t i o n  at compressor outlet .  



NACA RM E5OG I I 33 

A D B e l l  mouth Ho obstruction 
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1.6 

1.2. 

.8 

.4 

"237 
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Root 0 20 40 60 80 100 Tip 
Percent of annulus w i d t h  

(b ) Second engine; 77.3 percent of rated englne speed. 

Figure 9. - Concluded. Velocity  distribution at compressor outlet. 
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Corrected air f low 
Corrected a i r  flow at rated speed f o r  corfigwation A 
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5. 

3. 

Figure 12. - Effeo t  of engine-inlet  velocity  distribution on 
compressor  oharacteristics of second englne. Altitude, 
30,000 feet. 
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(a) Altitude, 25,000 feet, 

8 90 

80 

70 
(b] Altitude, 35,000 feet. 

.90 
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75 80 85 90 95 100 
Corrected  engine  speed,  percent of rated speed 

( c )  Altitude, 50,000 feet. 

Figure 13. - Effect of engins-idet-air velocity distrlbutlon on 
compressor efficlenoy o f  first engine. 
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. 

Figure  14. - E f f e c t  of e n g i n e L i n l e t - a i r  v e l o c i t y  distri- 
bution on compressor   e f f ic iency  of second  engine. 
Alt i tude ,  30,000 feet .  
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1.05 

1.00 

.95 

(a) Altitude , 25.000 f ee t .  

(b) Altitude, 35,000 feet. 

Corrected engine speed, percent of rated speed 
( c )  Altitude, 50,000 feet. 

Figure 15. - Effect  o f  en@=- in le t -a fr   ve loc i ty   d i s t r ibut ion  
on net thrust  of f irst engine. 
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(a) Altitude, 25,000 feet. 
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(b) Altitude, 35,000 fee t .  
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Corrected engine speed, peroent of rated speed 

( c )  Altitude, 50,000 feet .  

Figure 16. - Effect of en ine-inlet-air  velocity  distribution 
on net th rus t  specific h e 1  consumption of f irst  engine. 
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Confi gurat ion 

A D Bell mouth No obstruction 
V E Bel l  mouth Inner ring  Installed 
b F B e l l  mouth Two-60' screens 

(a) Net thrust. 

r 
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.. 9 
75 80 85 90 95 100 

Corrected engine speed, percent of rated speed 
, (b )  Specific  fuel consumption. 

Figure 17. - Effect of engine-inlet-air  velocity  distribution 
on net  thrust and specific Zuel consumption of second engine. 
Altitude, 30,000 feet. 




